The sediment samples were collected from Maluku Strait at a depth of 1250 m, which is influenced by Mindanao Current and Indonesian Throughflow. Based on 16S rRNA clone libraries, the community structure and vertical distribution of archaea and bacteria were studied in a columnar sediment of 2m in length. From the surface sediment, 16S sequences were derived from fourteen bacterial phyla (Gammaproteobacteria, Planctomycetes, Alphaproteobacteria, Deltproteobacteria were dominant), but were limited to two groups of archaea: Crenarchaeota (99%) and Euryarchaeota (1%). Besides, 90% of the archaea clones were ammonia oxidation-related which indicated that the ammonia-oxidizing archaea might make a significant contribution to the chemosynthesis in the surface sediment. Contrastively in the bottom sediment, six bacterial phylogenetic groups were obtained (Gammaproteobacteria and Firmicutes were absolutely dominant), however no archaea 16S rRNA was detected. The microbial diversity of surface sediment was much higher than the bottom and seven unique bacterial phyla were obtained from two sediment respectively. The geochemical elements analysis revealed that the content of C, TOC and S in the surface sediment was much higher than the bottom, but the content of P is contrary. The microbial communities might be in response to the geochemical substance transfer and deposit influenced by the ocean current and it deserves further study compared with the other sediment samples in this area.
INTRODUCTION
The deep-sea sediments are one of the most important situations of the global nutrition and geochemical cycling. In recent years, chemical properties and biome distribution especially microbial communities at the sediment from diverse environment attracted the attention of researchers [1, 2] . The recycling of organic input into the oceanic sediments is closely related to the benthic microbial communities [3] . Compared to the other sediments, the unique physical and chemical conditions of deep-sea sediment may result in different microbial population structure. Previous studies showed that anaerobic methanotroph Archaea (ANME-1 and ANME-2) dominate in the carbonate sediments at the methane seeps in the Black Sea [4, 5] . Similar results have been obtained in other kind of sediments, a study about microbial community distribution of the permanently cold marine sediments showed certain characteristics which adapt them to the environment [6] . Recently, Tamara studied jelly-like microbial mats over subsurface fields of gas hydrates at the St. Petersburg methane seep, and the chemical composition and phylogenetic structure of the microbial community showed that the life activity of the mat occurs because of methane and its derivatives involved [7] . Besides, deep-sea sediments are formed by the deposition year by year, so spatial distribution should be taken into consideration to know how the environment shapes community structure. A research about the spatial structure of the microbial community in sandy carbonate sediment of Hawaii suggested that the microbial community structure was correlated to local physico-chemical conditions in the sediment and that spatio-temporally heterogeneous redox conditions resulted in an increased microbial diversity [8] . As the depths increase, the structure of the microbial community structure also changes. Due to the opaque and no dissolved oxygen in the sediment, microbial diversity of the bottom sediment declined rapidly but certain phyla may increase [9] . This means that even at the same sites, particular depths make the microbial structure different which let the vertical comparison be significant. Above researches help us to know the relationship between organisms and environment in the deep sea where we studied little before.
We choose the Maluku Strait as the research object has certain reasons. Area of 30.7 square kilometers, with a series of trench basin and ridge, the depth of the water in Maluku Strait is about 1000-2000 meters. The deepest area of the water in the southeast is 4970 meters. As reported , a magnitude 7.5 earthquake erupted on 21th January, 2007 in Maluku Strait (01°12' N, 126°30' E) where is very close to the sample collection site (02°00' N, 126°14' E). Furthermore, the velocity of flowing current in Maluku Strait is fast which means that rich nutrient will be brought here. Influenced by the Mindanao Current and Indonesian Throughflow (ITF), seawater of the Maluku Strait is the mixture of upper thermocline circulation originate from the North Pacific and low thermocline circulation originate from the South Pacific [10] . The Mindanao Current carried with the nutrients from the North Equatorial Current (NEC) is mixed with terrigenous water forming the mixing deposits which may shape the distinctive microbial communities. To our knowledge, the spatial structure of microbial communities of the sediment in the Maluku Strait has not been studied especially in relation to biogeochemistry. The dominant archaea and bacterial phylogenetic groups are still unknown. Above all, we focus on this area and believe that special microbial structure and environmental factors may be observed.
The objective of this study was to examine vertical variation in microbial community in relation to the environmental factors. So in this study, we chose the surface and bottom layer of a two meters depth columnar sediment in Maluku Strait as the samples. Variations in the distribution of archaea and bacterial communities in different layers will play a vital role in the further research like functional genes study and the mechanism of deepsea organisms adapted to the environment. 
Materials and Methods

Sample Collection
Geochemical Analysis
Granularity and elements (C, TOC, N, P, S, Fe, Co, Ni) content of two sediment samples (U and D) were determined by the Analysis and Testing Center in the Institute of oceanology, Chinese Academy of Sciences. Granularity is measured by C1las-940 Laser Particulate Size Description Analyser (USA). The elements (P, Fe, Co, Ni) and (C, TOC, P, S) content was determined by the Optima 7300DV Inductively Coupled Plasma Atomic Emission Spectrometer (ICP-AES) (USA) and Vanio MACRO Elemental Analyser (GER) separately.
Total DNA Extractions, PCR Amplification and Sequencing
Environmental DNA from the samples was extracted from the two samples using the MoBio PowerSoil TM DNA kit (MoBio, USA). The DNA was used as a template in PCR that contains modified 27F/1390R bacterial and A21F/ A958R archaea primer pairs as previously described [11, 12] . PCR was carried out using respective environmental DNA templates, EasyTaq DNA polymerase (TransGen, China), 10×EasyTaq Buffer (Mg 2+ ), dNTP, primers 27F (5'-AGA GTT TGA TCA TGG CTC AG-3'), 1390R (5'-ACG GGC GGT GTC TAC AA-3') or A21F (5'-TTC CGG TTG ATC CYG CCG GA-3'), A958R(5'-YCC GGC GTT GAM TCC AAT T-3') and the following program: 94 °C (5 min), followed by 30cycles of 94 °C (1 min), 56 °C for bacteria or 61.5°C for archaea (1min), 72 °C (1 min) and a 10-min extension step at 72 °C. Through connection and conversion, the 16S rRNA gene clone libraries of archaea and bacteria were constructed respectively. They are named as UA (archaea 16S rRNA gene clone library of the surface layer), UB (bacterial 16s rRNA gene clone library of the surface sediment) and DB (bacterial 16s rRNA gene clone library of the bottom sediment).
Sequences Analysis
All 16S rRNA gene sequences were checked for possible chimeric artifact using Bellerophon (available http:// greengenes.lbl.gov/cgi-bin/nph-bel3_interface.cgi) and the chimeric sequences were not included in the following analysis. Operational taxonomic units (OTUs) were generated by using the MOTHUR program at 97% sequence similarity cut off for archaea and bacteria respectively as previously described [13] . Basic diversity estimates including Shannon-Wiener index and Chao 1 estimator were calculated for each sample. The Shannon-Wiener diversity index (H') [14] was calculated according to the equation H'=-∑(pi)(lnpi), where pi was the number of ribotypes in each operational taxonomic unit (OTU) group, as defined by 97% similarity, divided by the total number of ribotypes in each library. Non-parametric Chao1 estimator [15] was calculated using the MOTHUR program [13] . To study the differences between individual groups of OTUs, the representative sequences were subjected to phylogenetic analysis. Archaea and bacterial phylogenetic trees of the two samples were respectively constructed from the resulting distance matrix by the NJ method with the MEGA 4 package [16] . BLASTN similarities of all sequences were determined by NCBI nucleotide database search.
Results
Environmental Factors
The content of elements and granularity (Table1) was obtained to find out the compositions of the sediment and the chemical differences between the surface (U) and the bottom (D) sediment. The content of C, TOC and S in the U is much higher than D, but the content of P is contrary. Metallic elements like Fe, Co and Ni are on the normal level in contrast to the other marine sediment [17, 18, 19] . The surface sediment is clayed silt (6% of sand, 71% of silt and 23% of clay) while the bottom sediment is silt (3% of sand, 78% of silt and 19% of clay) [20] . 
Table1. Chemistry of the surface (U) and bottom (D) sediment
Phylogenetic Analysis of Archaea
16S rRNA gene of archaea was amplified only in the surface sediment but no one was detected in the bottom layer of the columnar sediment. Only one clone library of 74 sequences from the UA was constructed. All the sequences fell into 22 OTUs uniformly. With the phylogenetic analysis (Figure3), twenty-two unique OTUs representing two phyla: Crenarchaeota (99%) and Euryarchaeota (1%). Although all the sequences lacked cultivated representatives in the database, Nitrosopumilales (Crenarchaeota)-related sequences constituted a major fraction (90%) of the library, which suggested the oxidation of ammonia into nitrite was performed in the surface sediment. BLASTN analysis showed 52 sequences were most closely related (99% gene identity) to the uncultured Nitrosopumilales archaeon (EF069366) (Figure3). According to the previous research, two ammonia-oxidizing archaea [21] , Nitrosopumilus maritimus and Nitrososphaera viennensis, have been isolated and described [22] . Ammonia-oxidizing archaea dominate in both soils and marine environments [23] which suggesting that Crenarchaeota may be a greater contributor to ammonia oxidation in these environments. Moreover, five sequences (UA-90, UA-24, UA-12, UA-77, UA-97) showed maximum identity of 97% to the sequences which were already deposited in the GenBank database (Figure3). On the contrary, no archaea 16S gene clone obtained from sample D showed that the archaea richness in the bottom was much lower than the surface sediment. 
Phylogenetic Analysis of Bacteria
The 207 sequences and 130 sequences was obtained from the surface (U) and the bottom (D) sediment. 162 unique OTUs were retrieved from 207 sequences from the UB clone library and one of the OTUs represents 140 sequences. All the sequences fell into the following phyla (Figure4a): Gammaproteobacteria (16%), Planctomycetes (15%), Alphaproteobacteria (14%), Deltproteobacteria (13%), Bacteroidetes (8%), Acidobacteria (8%), Chlorof-lexi (7%), Actinobacteria (6%), Gemmatimonadetes (5%), Nitrospira (3%), Verrucomicrobia (2%), Betaproteobacteria (1%), Elusimicrobium (1%) and unclassified phylum. Twenty-one unique OTUs were obtained from 130 sequences from the DB clone library and 65 sequences belonged to a unique OTU. Firmicutes (53%) and Gammaproteobacteria (32%) were dominant in the assemblage (Figure4b) which also included four unclassified sequences. According to the phylogenetic analysis of the total bacterial sequences from the U and D sediment, we figured out the dominant phyla. All the sequences were affiliated with fourteen phyla (Figure 5 ). Comparing the bacterial community structure of UB to DB, the diversity of the UB is much higher than DB and we find out that Deltproteobacteria, Bacteroidetes, Acidobacteria, Actinobacteria, Gemmatimonadetes, Nitrospira, Verrucomicrobia, Elusimicrobium are only obtained from the surface sediment, whereas, Firmicutes from the bottom sediment is unique (Figure 4c ). 
Note:
The green clades and red clades are sequences from the UB and DB clone library. The black clades are reference sequences. Different color ranges represent different phyla. In a clockwise direction, Verrucomicrobia, Planctomycetes, Bacteroidetes, Gemmatimonadetes, Actinobacteria, Nitrospira, Elusimicrobium, Chloroflexi, unclassified, Acidobacteria, Firmicutes, Deltproteobacteria, Alphaproteobacteria, Betaproteobacteria, Gammaproteobacteria were shown successively.
Discussion
Archaea Diversity
Members of archaea phylogenetic group are rarely cultured so that we can only infer that they might play a special role in anoxic metabolism. Only one of the uncultured sequence is affiliated to the Euryarchaeota and most of them fall into Marine Group I: Crenarchaeota (Figure3). The Crenarchaeota is a well-defined branch of the archaeal domain and abundant form of all known Archaea, as they occupy several different habitats and ecological niches [24] . Usually, Group Ⅰ Crenarchaeota is the most widely distributed archaea community and this area is no exception. Overall, the diversity of archaea communities obtained from the sediment especially the bottom layer is lower than the other marine sediment [25, 26] and 90% of the archaea sequences from UA clone library are most related to ammonia-oxidizing archaea which indicate that the activities of ammonia oxidation may make a significant contribution to the chemosynthesis. Along with the distribution of the bacterial phylum (Nitrospira) which play a role in the nitrite oxidation process, we infer that the cycle of nitrogen is active in the sediment especially in the surface layer. In our data, the distribution of archaea might reflect different physical and chemical factors in different sediment layer such as anaerobic conditions, elements content and different granularity. The result that archaea 16S rRNA is not detected in the bottom sediment (Table. 2) may be due to the low amount of archaeal DNA, leaving part of groups under detection as a result of the limitation of the research methods and phylogenetic analysis. But this procedure has been employed successfully as a sensitive tool for the spatial gradients in surface water [2] and marine sediments. Lack of further evidence, no archaea harbors in the bottom sediment cannot be concluded but this results shows that archaea diversity in this layer is extremely low at the very least.
Bacterial Diversity
Low archaea diversity but high bacterial diversity (Figure 2) is the remarkable microbial characteristics of the surface sediment. Crenarchaeota is the absolute archaea dominant phylum while the sequences related to the bacteria fall into the diverse phyla, indicating that the surface sediment in this area harbors a distinctive microbial community. The most frequently derived sequences in this study belong to Gammaproteobacteria clustered in different groups which are widely distributed in the surface and the bottom sediment (Figure4c). Planctomycetes, Alphaproteobacteria and Chloroflexi are the other widespread phyla in both surface and bottom sediments following Gammaproteobacteria. From the UB clone library, 60% of the sequences which have the maximum identity to Deltproteobacteria (dominant group) are related to the organic compounds degradation and iron and sulfur cycling in the sediment [27, 28] . All the sequences affiliated with the phylum Nitrospira are related to the nitrification. Nitrification is the oxidation of ammonia to nitrite by the ammonia-oxidizing archaea and bacteria mentioned before and oxidation of the nitrite to nitrate by bacteria in the genus Nitrospira. Nitrospira is part of a nitrification process which is important in the biogeochemical nitrogen cycle. Furthermore, it is deserved to mention that three of the sequences affiliated with the phylum Verrucomicrobia only have the 90% maxium identity to the sequences deposited.
In the DB clone library, sequences related to the unique phylum Firmicutes (dominant group) have the 99% maximum identity to Staphylococcus hominis [29] , Bacillus subtilis subsp. inaquosorum [30] and Bacillus aquimaris [31] which are dominant species. Above all, we can conclude that special bacterial communities inhabit in the surface and bottom sediment respectively. Compared with the two sediment samples, intense changes have been observed in microbial community in virtue of the variation in the composition of the bacterial phyla and the dominant groups.
This will be a vital basis to the further research.
Microbial Community Structure Related to the Environmental Factors
With the results of environmental factors, the relation between environment and microbial communities have been found. These unique phyla like Deltproteobacteria and Bacteroidetes from the surface sediment are mostly composed with organic compounds degradation-related sequences which may be the reason that TOC content in the surface is much lower than the bottom ( Bacillus aquimaris which were derived from seawarter and deep-sea sediments before can utilize diverse kinds of carbon sources [31] which match the high content of carbon in the bottom sediment (Table.1 ). Combining the results of the microbial community and environmental factors, biology is specific to the environment is proved again and this will provide important clues to find functional genes from deep-sea microorganisms.
Conclusion
Based on the findings of this study, we have the first insight into the marine sediments in the Maluku Strait and study microbial community structure in relation to biogeochemistry. This is just primary research but the foundation to the further studies. Later, research of functional genes and the mechanism of deep-sea organisms adapted to the environment is deserved which can help us to take a step forward toward the deep-sea sediment.
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